The chemical composition and antioxidant activities of wild and cultivated Laurus nobilis leaves and Foeniculum vulgare subsp. piperitum seeds were determined. Differences were found in the total phenolic content of fennel. GC-MS analysis of the non polar fractions showed a different composition between wild and cultivated plants. Cultivated laurel had a high content of terpenes such as linool, a a-terpinol, a a-terpinyl acetate, thymol, caryophyllene, aromandrene, selinene, farnesene, and cadinene, while wild laurel had a high content of eugenol and methyl eugenol, vitamin E, and sterols. The antioxidant potential of the extracts was determined using three complementary methods. Wild plants showed greater radical scavenging activity than the cultivated plants. The extracts also exhibited a significant antioxidant capacity also in the b b-carotene-linoleic acid test system. A high level of antioxidant activity was observed in wild laurel (IC 50 ‫1؍‬ m mg/ml). Significant antioxidant activity measured in bovine brain was observed in wild laurel.
Free radical oxidation of the lipid components in food due to the chain reaction of lipid peroxidation is a major strategic problem for food manufacturers. The extent to which oxidation of fatty acids and their esters occurs in foods depends on the chemical structure of the fatty acid, nature of food processing, temperature at which the foods are stored and/or cooked, and minor constituent antioxidants. A compound may exert antioxidant actions in vivo or in food by inhibiting the generation of reactive oxygen species (ROS) or by directly scavenging free radicals. 1) Free radical scavenging is one of the main generally accepted mechanisms for antioxidants to inhibit lipid oxidation. Radicals formed in the presence of oxygen (ROOS, HOS, RO, O 2 , etc.) are highly reactive species greatly differing in their lifetimes and chemical properties. [2] [3] [4] [5] [6] Membrane lipids are particularly susceptible to oxidation. Free radicals are known to attack the highly unsaturated fatty acids of membrane systems to induce lipid peroxidation, which is a key process in many pathologic events and is one reaction induced by oxidative stress. Oxidative stress in cells can result from an increase in the levels of ROS. 7) ROS, such as superoxide radicals (O2 · ), hydrogen peroxide (H 2 O 2 ), and hydroxyl radical ( · OH), are produced as a result of many biochemical reactions and are considered to be the prime causes of oxidative damage, including protein denaturation, mutagenesis, and lipid peroxidation in aerobic cells. Phenolic antioxidants are reported to quench oxygen-derived free radicals as well as substrate-derived free radicals by donating a hydrogen atom or an electron to the free radical. Furthermore, phenolic extracts of plant materials have been shown to neutralize free radicals in various models. 8) Numerous spices and aromatic herbs have been examined for their antioxidant/antiradical activity. Laurus nobilis L. (Greek bay) is a species held in high esteem since ancient times. It was dedicated to Apollo, the ancient Greek god of light, and a symbol of peace and victory used to make wreaths for emperors, generals, and poets. The order Laurales Perleb includes seven families, from which only Lauraceae Jussieu (about 80 genera and 2500 species) includes plants with distribution in Europe. The genus Laurus, as shrubs or small trees (2-20 m) with slender glabrous twigs, is represented in Europe by two species: Laurus azorica (Seub.) J. Franco, with distribution limited to the Azores; and Laurus nobilis L., a Mediterranean speciestha is mainly cultivated.
9) The species can be recognized by their aromatic smell, and coriaceous, alternate, narrowly oblong-lanceolate leaves. The flowers are small and four lobed; the male has 8-12 stamens and female 2-4 staminodes. The fruit is 10-15 mm, ovoid, and black when ripe. In Italy, it grows wild in Sicily, Sardinia, Corsica, small Tyrrhenian islands, and in small coastal areas in central Italy. 10) In Calabria (southernmost Italy) the species is widly cultivated and wild populations are extremely restricted, especially in Mediterranean oak forests (QUERCETALIA ILICIS Br.-Bl. 1936 ex Molinier 1934 em Rivas Martinez 1975) along deep gorges of the Tyrrhenian coast. L. nobilis leaves are used as a valuable spice and flavouring agent in the culinary and food industry. This plant does not have important uses in traditional medicine but recently has been the subject of scientific research. Traditionally, the aromatic leaves and fruit were used against hysteria and as an emmenagogue. Powdered fruit in the form of an infusion has diuretic and carminative properties. Fatty oil from the fruit is used externally for the treatment of furuncles, sprains, bruises, and rheumatism and as an insect repellent. 11, 12) Recent studies have shown that the leaves and essential oil obtained from the leaves increase gastric fluid secretion and can treat against digestive disorders such as flatulent colic. 13) Anticonvulsive and antiepileptic activities of the leaf extract have been confirmed. 14) There have ben few reports on the radical-scavenging activity of the leaves and constituents of bay laurel. 15) Fennel (Foeniculum vulgare Miller) is a plant belonging to the subfamily Apioideae Seemann of the family Apiaceae Lindley (Umbelliferae Jussieu). The subfamily is characterized by more or less finely divided leaves, compound umbels, free bifid carpophores, and mericarps attached at the apex and not lignified. The genus Foeniculum Miller in Europe is monotypic 16) and is a glabrous, glaucous perennial or biennial plant up to 250 cm high with three to four to 4-pinnate leaves, more or less triangular in outline, usually 5-50 mm long, and filiform, with acuminate lobes cartilaginous at the apex. Sepals are absent. Petals are yellow, oblong, and narrow only slightly at the involute apex. There are 4 to 30 inflorescent rays. Bracts and bracteoles are usually absent. The fruit is 4-10.5 mm, ovoid-oblong, scarcely compressed with lateral ridge that are lightly more prominent than dorsal. There are two subspecies, vulgare and piperitum (Ucria) Coutinho (F. piperitum (Ucria) Sweet). The first is widely cultivated for flavouring [var. dulce (Miller) Thell.] or cultivated as a vegetable because of it large tuberous stock [var. azoricum (Miller) Thell.] and common in most of Europe (except the north) but it is probably native only in the south and southwest. The second is a perennial plant with rigid and rather fleshy leaf lobes, terminal umbels often overtopped by lateral ones, usually 4-10 rays and sharp-tasting fruit and is typical in dry, rocky places in the Mediterranean region. 16) In Italy, both subspecies occur and often grow together but in the south subsp. piperitum is more common (especially on clay or in rocky calcareous sites) and subsp. vulgare is accepted as naturalized. Fennel has a long history of herbal use as an analgesic, antiinflammatory, antispasmodic, aromatic, carminative, diuretic, emmenagogue, expectorant, galactogogue, hallucinogenic, laxative, stimulant and stomachic, etc. It has been known as a medicinal and aromatic herb from ancient time and its fruit is commonly used as a natural remedy for digestive disorders. 17) It is also used to flavor foods and liqueurs and in the perfume industry. In southern Italy, it is known to be useful in the treatment of a variety of complaints, especially those of the digestive system. The seeds, leaves, and roots are used, but the seeds are most active medicinally and are the part normally applied. In the tradition of Calabria cooking subsp. piperitum collected in the wild is the most often used; the young plants are eaten as a vegetable or as a garnish on raw or cooked dishes, particularly with oily foods. The seeds (collected from September to October with the uppermost part of the stem, boiled, and dried) are used as a flavoring in bread and in weets called mustaccioli and susumelle. Other uses are in sausage preparation for flavor improvement, dry sausage preparation as a flavoring and preservative, in a dish based on very young fish, and in the preparation of olives as a flavoring and preservative agent. There is a great interest in the nutritional value of foods and how the habitat affects nutritive and biological properties. The interest is motivated by the current need to find new substances of natural origin with demonstrated effectiveness in the described fields of application and low toxicity. The objective of this study was to evaluate the biovariability of L. nobilis leaves and F. vulgare subsp. piperitum seeds. These wild species were compared with the same cultivated species that are commonly commercialized to characterize the species with good quality for application. The biological activity was also examined to evaluate possible use in phytotherapy. Preparation of Samples Three hundred grams of wild and cultivated L. nobilis leaves and 50 g of wild and cultivated F. vulgare subsp. piperitum seeds were each extracted with 70% EtOH, respectively after maceration (48 h three times). The resultant total extracts were dried under reduced pressure to determine the weight. Total phenols and the lipophilic fraction were determined from in the total extracts. To isolate the lipophilic fraction, the total extract was suspended in a methanol/water (9 : 1) mixture and extracted with n-hexane.
MATERIALS AND METHODS

Plant Materials
GC-MS Analysis
The lipophilic fraction analysis was performed using a Hewlett-Packard gas chromatograph (model 5890) equipped with a mass spectrometer (model 5972 series II) and controlled by HP software equipped with capillary column 30 mϫ0.25 mm, static phase SE30, using programmed temperature from 60 to 280°C (rate 16°C min); the detector and the injector were set to a temperature of 280 and 250°C, respectively (flow 1 ml min Ϫ1 ). Compound identification was verified based on relative retention time and mass spectra with those of the Wiley 138 library data of the GC-MS system (Hewlett-Packard).
Determination of Total Phenolic Content Total phenolic content of the total extracts was determined using Folin-Ciocalteau reagent and chlorogenic acid as a standard. 18) Fifty milligrams of the extracts were weighed into a 50 ml plastic extraction tube and vortexed with 25 ml of the extraction solvent (40 ml acetone : 40 ml methanol : 20 ml water : 0.1 ml acetic acid). Then, the samples with the extraction solvent were heated at 60°C in a water bath for 1 h, allowed to cool to room temperature, and homogenized for 30 s with a sonicator. Aliquots of 200 ml (three replicates) were placed in screw-cap test tubes, and 1.0 ml of Folin-Ciocalteu reagent and 1.0 ml of sodium carbonate (7.5%) were added. The tubes were vortexed and allowed to stand for 2 h. The absorption at 726 nm was measured (Perkin Elmer Lambda 40 UV/VIS spectrophotometer), and the total phenolic content was expressed as chlorogenic acid equivalents in milligrams per gram of dry material.
DPPH Assay This experimental procedure was adapted from Wang et al. 19) To an ethanol solution of DPPH radical (final concentration of 1.0ϫ10 Ϫ4 M), test extracts at different concentrations were added. The reaction mixtures were shaken vigorously and then kept in the dark for 30 min. The absorbance of the resulting solutions was measured in 1-cm cuvettes using a Perkin Elmer Lambda 40 UV/VIS spectrophotometer at 517 nm against a blank, which lacked DPPH. All tests were run in triplicate and averaged. Acid ascorbic was used as a positive control.
Bovine Brain Peroxidation Assay The in vitro antioxidant activity tests were carried out using the TBA test.
20) The TBA reaction is based on the fact that peroxidation of most membrane systems leads to the formation of small amounts of free malonaldehyde (MDA). MDA reacts with TBA to yield a colored product, which in an acid environment absorbs light at 532 nm and is readily extractable into organic solvents. The intensity of color is a measure of the MDA concentration. Absorbance at 532 nm was determined on a Perkin Elmer Lambda 40 UV/VIS spectrophotometer. The incorporation of any antioxidant compound in the bovine brain peroxidation assay reaction mixture will lead to a reduction of the extent of peroxidation. Total extracts of spices were tested for their antioxidant activity against liposomes prepared from bovine brain extract in PBS (5 mg/ml). Peroxidation was started by adding FeCl 3 (1 mM) and ascorbic acid (1 mM), followed by incubation at 37°C for 20 min. Ascorbic acid is a well-known antioxidant but it has also prooxidant properties in the presence of certain transition metal ions, such as Fe or Cu. BHT in ethanol was added to prevent lipid peroxidation during the TBA test itself. Propyl gallate (0.1 mM) was used as a positive control.
21) The inhibition of lipid peroxidation in percentage was calculated using the following equation:
where FRM is the absorbance of the control reaction and ET is the absorbance in the presence of the sample. The absorbance of liposomes alone (B) and extract alone (EA) was also taken into account.
b b-Carotene Bleaching Test Antioxidant activity was determined using the b-carotene bleaching test. 22) Briefly, 1 ml of b-carotene solution (0.2 mg/ml in chloroform) was added to 0.02 ml of linoleic acid and 0.2 ml of 100% Tween 20. The mixture was then evaporated at 40°C for 10 min in a rotary evaporator to remove chloroform. After evaporation, the mixture was immediately diluted with 100 ml of distilled water. The water was added slowly to the mixture and agitated vigorously to form an emulsion. The emulsion (5 ml) was transferred to different test tubes containing 0.2 ml of samples in 70% ethanol at different concentrations (0.1, 0.05, 0.025, 0.01, 0.005, 0.001 mg/ml), and 0.2 ml of 70% ethanol in 5 ml of the above emulsion was used as a control. Standard (propyl gallate) at the same concentration as samples was used for comparison. The tubes were then gently shaken and placed in a water bath at 45°C for 60 min. The absorbance of the samples, standard, and control was measured at 470 nm using a Perkin Elmer Lambda 40 UV/VIS spectrophotometer against a blank, consisting of an emulsion without bcarotene. The measurement was carried out at the initial time (tϭ0) and successively at 30 and 60 min. All samples were assayed in triplicate and averaged. The antioxidant activity (AA) was measured in terms of successful bleaching of bcarotene using the following equation:
where A 0 and A 0°a re the absorbance values measured at the initial incubation time for samples/standard and control, respectively, while A t and A t°a re the absorbance values measure in the samples/standard and control respectively at tϭ30 min and tϭ60 min.
Statistical Analysis Data are expressed as meanϮS.D.
Statistical analysis was performed using Student's t-test. Differences were considered significant at pՅ0.05. The IC 50 value was calculated from the Prism dose-response curve (statistical program) obtained by plotting the percentage of inhibition versus the concentrations.
RESULTS AND DISCUSSION
A previous study found preliminary antioxidant activity against lipid peroxidation by L. nobilis 23) while no data in literature found antioxidant activity by F. vulgare subsp. piperitum. Furthermore, this is the first time that the antioxidant activity of the above extracts has been compared between wild and cultivated plants. The total extract yield and total phenol and nonpolar content of wild and cultivated L. nobilis leaves and F. vulgare subsp. piperitum seeds are shown in Table 1 were 210 and 219 mg/g for wild and cultivated plant extracts, respectively. GC-MS analysis of the nonpolar fractions (nhexane) of L. nobilis showed a different composition between wild and cultivated plants. Particularly, cultivated L. nobilis showed a high content of terpenes such as linool, a-terpinol, a-terpinyl acetate, thymol, caryophyllene, aromandrene, selinene, farnesene, and cadinene, while wild L. nobilis had a high content of eugenol and methyl eugenol, vitamin E, and sterols, particularly stigmasterol ( Table 2 , Fig. 1 ). GC-MS analysis also showed different compositions of the nonpolar fractions (n-hexane) of wild and cultivated F. vulgare subsp. piperitum. Particularly interesting is the presence of the terpene anethole in disagreement with a previous study that showed its absence.
24) The alkene 1,2-epoxy-1-vinylcyclododecene was the major constituent (24%) in wild F. vulgare subsp. piperitum extract, while ethyle linoleate was the major constituent (32%) in the cultivated one. Both extracts were rich in fatty acids (Table 3, Fig. 2 ). The antioxidant potential of the total extracts was determined using three complementary methods (Table 4 ). The free-radical scavenging activity of L. nobilis extracts evaluated using the DPPH method is presented in Fig. 3 . The model of scavenging stable DPPH free radicals can be used to evaluate the antioxidative activities in a relatively short time. The absorbance decreases as a result of a color change from purple to yellow as the radical is scavenged by antioxidants through donation of hydrogen to form the stable DPPH-H molecule.
25) The effect of antioxidants on DPPH radical scavenging was thought to be due to their hydrogen-donating ability. The preparations were able to reduce the stable free radical DPPH to the yellow-colored 1,1-diphenyl-2-picrylhydrazyl with an IC 50 value of 0.113 and 0.143 mg/ml for wild and cultivated L. nobilis, respectively. The free radical scavenging activity of F. vulgare subsp. piperitum extracts is presented in Fig. 4 . Wild fennel showed higher activity than the cultivated plant, with an IC 50 value of 31 and 83 mg/ml, respectively. The positive factor for wild fennel was the higher level of phenolic content 26) and the presence of anethole, a oxygenated monoterpene with known antioxidant activity, 27) but there are no data on the antioxidant activity of the alkene 1,2-epoxy-1-vinylcyclododecene that was the major constituent in this extract. The extracts also exhibited significant antioxidant capacity in the b-carotene-linoleic acid test system (Figs. 5, 6 ). Inhibition of the breakdown of lipid hydroperoxides to unwanted volatile products allowed us to determine secondary antioxidants in related mechanisms. In the absence of antioxidants, oxidation products (lipid hydroperoxides, conjugated dienes, and volatile by products) of linoleic acid simultaneously attack b-carotene, resulting in bleaching of its characteristic yellow color in ethanolic solution. In the presence of the total extracts, oxidation products were scavenged and bleaching was prevented. A higher level of antioxidant activities was observed in wild L. nobilis after 60 min of incubation (IC 50 valueϭ1 mg/ml) (Fig. 5) . As the third test method employed, inhibition of bovine brain peroxidation was also used to measure antioxidant capacity. The antioxidant activities, using liposomes prepared from bovine brain extract, of F. vulgare subsp. piperitum extracts were negligible (ranging from 6 to 28% for the wild and 2 to 14% for the cultivated type). A higher level of antioxidant activities was observed in wild L. nobilis, with an IC 50 value of 115 mg/ml in comparison with cultivated L. nobilis (IC 50 of 378 mg/ml) (Fig. 7) . The higher activity of wild L. nobilis in comparison to the cultivated is due to the greater abundance of monoterpenes, particularly eugenol and methyl eugenol, 28) and vitamin E with known antioxidant activity. 
CONCLUSION
The increased availability of food products, which has altered the nature of their production, quality, and organoleptic characteristics, increased requirements for the quality and condition of the individual products, and stimulated a demand which, on all consumer markets, is focusing more on goods with a high market value. The phytochemical investi- gation and evaluation of the antioxidant activities of L. nobilis leaf extracts and F. vulgare subsp. piperitum seed extracts from Calabria, Italy, indicated important aspects to characterize better the intraspecific biodiversity of the plants.
The dissimilarity in the constituents, and thus in biological activity, between the wild and cultivated plants correlate with the different ecological conditions in which they grow. Total phenolic contents differed among plant extracts, contributing to different antioxidant activities. This observation leads to the conclusion that high levels of soluble phenolics in the extract could be the reason for the strong antioxidant activity observed in all assays used. In summary, the results indicate that the habitat of a specific plant plays an important role in product quality.
